Background--Life's Simple 7 is a new metric based on modifiable health behaviors and factors that the American Heart Association uses to promote improvements to cardiovascular health (CVH). We hypothesized that better Life's Simple 7 scores are associated with lower incidence of cognitive impairment.
C ardiovascular health (CVH) plays a critical role in brain health. 1 Several cardiovascular risk factors, including hypertension, diabetes, and obesity, are related to higher risk for cognitive decline. 2, 3 Prevention strategies targeting modifiable factors and behaviors are important for reducing risks for cognitive decline and dementia that stem from poor CVH. 4 Life's Simple 7 is a new measure of CVH published by the American Heart Association (AHA) in 2010 to track health status in relation to a 2020 strategic goal to improve CVH of Americans. 4 Life's Simple 7 is based on 4 modifiable health behaviors, including nonsmoking, healthy diet, physical activity, and body mass index (BMI), and 3 modifiable biological factors, including blood pressure (BP), total cholesterol, and fasting glucose. 4 A score based on all 7 components represents the degree to which an individual's health behaviors and health factors are in accord with ideal CVH. Better CVH, as measured by Life's Simple 7, is associated with lower incidence of cardiovascular disease (CVD) outcomes. [5] [6] [7] Determining the relationship of Life's Simple 7 with cognitive function is important to inform efforts to prevent cognitive decline and dementia through a heart-healthy lifestyle as well as to provide information on the potential impact of the AHA's strategic goals on cognitive function in the population. We hypothesized that higher scores on Life's Simple 7, indicating better CVH, are associated with lower incidence of cognitive impairment in middle-aged and older adults.
Methods

Design, Setting, and Participants
REGARDS is a population-based observational cohort study of 30 239 adults aged 45 and above at baseline, enrolled between January 2003 and October 2007. 8 The cohort is 55%
women, 45% men, 42% blacks, 58% whites, 56% residents of stroke belt states (Alabama, Arkansas, Georgia, Louisiana, Mississippi, North Carolina, South Carolina, and Tennessee), and 44% residents of the other 40 continental United States. Institutional review boards of the collaborating institutions approved the study protocol. Participants gave written informed consent.
Data Collection
At baseline, a structured telephone interview was used to collect data on demographic characteristics, health behaviors, medical conditions, and cognitive function. After the telephone interview, a health professional conducted an inhome visit that included body size and BP measurements, electrocardiogram (ECG), and blood sample collection. A food frequency questionnaire (FFQ) was left with the participant to complete and return by mail. Participants are contacted every 6 months by telephone to obtain additional cognitive assessments and identify strokes and other medical events.
Life's Simple 7
We measured Life's Simple 7 health behaviors and health factors according to definitions published by the AHA. 4 We adapted definitions for healthy diet and physical activity components based on data available in REGARDS, as described previously 5 and in Tertiles of Life's Simple 7 score were 0 to 6 (low), 7 to 8 (middle), and 9 to 14 points (high). We also calculated a health behavior score, based on smoking, diet, physical activity, and BMI, ranging from 0 (worst) to 8 points (best), and a biological health factor score, based on BP, total cholesterol, and fasting glucose, ranging from 0 (worst) to 6 points (best).
Covariates
To adjust for potential confounding, we selected baseline demographic and CVD covariates that could be determinants of cognitive function as well as correlates of Life's Simple 7 health behaviors and health factors. Baseline age was calculated from baseline telephone interview date and self-reported birth date. Sex, race (black, white), education, and income were self-reported. We categorized education as less than high school, high school graduate, some college, or college graduate and above. We categorized income as <$20 000 per year (y), $20 000 to $34 999/y, $35 000 to $74 999/y, or ≥$75 000/y. Region of residence was categorized as within or outside the stroke belt based on participant's home address. Atrial fibrillation (AF) was defined as self-reported physician diagnosis or presence of AF or atrial flutter on ECG. Left ventricular hypertrophy (LVH) was defined based on ECG.
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Baseline atherosclerotic disease was defined as having at least 1 of the following: coronary artery disease (CAD), carotid artery disease, peripheral arterial disease (PAD), or transient ischemic attack (TIA). CAD was defined as self-reported physician diagnosis of myocardial infarction (MI), self-reported coronary revascularization, or evidence of MI on ECG. Carotid artery disease and PAD were defined as self-reported procedures or surgeries to repair arteries in the neck or legs. TIA was defined as self-reported physician diagnosis.
Cognitive Function at Baseline
Beginning in December 2003, participants were administered the Six-Item Screener (SIS) during the baseline telephone interview. The SIS is a brief measure of global cognitive status that assesses recall of 3 words and orientation to year, month, and day of the week (range, 0 to 6). 12 Participants whose baseline telephone interview occurred before December 2003 received the baseline SIS during a subsequent follow-up telephone interview. We defined baseline cognitive impairment as scoring below 5 points on the SIS based on validity studies in clinical and community samples relating the SIS to clinical diagnoses of dementia and mild cognitive impairment (MCI).
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Cognitive Function During Follow-up
Beginning in January 2006 and every 2 years thereafter, participants were administered a 3-test measure of cognitive function, including verbal learning, memory, and fluency. Verbal learning was assessed by a 3-trial, 10-item word list learning task (range, 0 to 30). 13 Verbal memory was assessed by free recall of the 10-item list after a brief delay filled with noncognitive questions (range, 0 to 10). 13 Verbal fluency was assessed by animal naming, in which the participant names as many animals as possible in 60 seconds.
14 For the analyses in this article, we used word list learning, word list delayed recall, and animal naming assessments that were obtained, scored, and included in the REGARDS data set as of April 2012.
We developed a definition of clinically relevant incident cognitive impairment (ICI) on the 3-test measure using a demographically corrected, regression-based approach. This approach was based on findings of previous research comparing methods of identifying clinically relevant cognitive impairment. 15, 16 First, using all participants' first assessment, we calculated mean scores on each test within 64 strata defined by age group (45 to 54, 55 to 64, 65 to 74, and 75+), sex (female, male), race (black, white), and education category (less than high school, high school graduate, some college, and college graduate and above). Next, for each test, we defined an impairment threshold as scoring ≥1.5 standard deviations below the stratum-specific mean-a threshold conventionally used in defining MCI. 17 Finally, among people who were cognitively intact according to the baseline SIS, we defined ICI on the 3-test measure as scoring below the impairment threshold on at least 2 of 3 tests at the most recent 3-test assessment, which was obtained a mean of 4.0 years after baseline (Figure 1 ).
Cohort for Analysis
To identify a stroke-free cohort, baseline history of stroke was defined as self-reported physician diagnosis. Suspected incident stroke was identified from participant reports during follow-up telephone interviews, and medical records were retrieved and physician adjudicated using standardized criteria. 18 To establish a cohort at risk for ICI on the 3-test measure, we excluded participants who had anomalous data, a history of stroke before their baseline SIS, no baseline SIS, or cognitive impairment according to their baseline SIS. We also excluded those who had no follow-up 3-test measure or had an incident stroke before their follow-up 3-test measure, resulting in 17 761 participants (Figure 1 ). education themselves as risk factors, it does not preclude assessment of these variables as potential effect modifiers of the association of Life's Simple 7 with ICI on the 3-test measure. We addressed missing values for Life's Simple 7 components and baseline covariates with multiple imputation. Our rationale for using multiple imputation was to reduce bias in estimates of association that could arise from nonrandom patterns of missing data and to increase precision by retaining as many participants as possible in the analysis. We generated 5 imputed data sets using the method of chained equations. 19, 20 The imputation model included ICI status, Life's Simple 7 components (each coded as ideal, intermediate, or poor), age, sex, education categories, income categories, and indicators for baseline CVDs. Imputation was done separately by race and geographic region because we assessed interactions of Life's Simple 7 score with race and region. 20 Each component of Life's Simple 7 was imputed for <4% of participants, except for fasting glucose, which was imputed for 15% (who were either missing glucose or were not fasting) and healthy diet score, which was imputed for 23% (who were missing the FFQ). Other covariates were each imputed for <2% of participants, except income category, which was imputed for 11%. Multiple imputation has been recommended for data in which 10% to 60% of values are missing. 21 In this analysis, 44% of participants had at least 1 variable with a missing value. In a sensitivity analysis, we restricted the data set to participants who had complete data for all Life's Simple 7 components and covariates, except for income, to which we added a category of income not reported. This sensitivity analysis included 11 247 participants.
Statistical Analysis
Results
Among 17 761 participants included in this analysis, baseline Life's Simple 7 scores were normally distributed with a mean of 7.5 points (SD=2.1 points). Mean Life's Simple 7 score was slightly lower among participants who were excluded from analyses because they had no follow-up 3-test measure assessment (7.3 points). Mean score was higher in whites (7.9 points) than in blacks (6.9 points) and was similar within (7.5 points) and outside the stroke belt (7.6 points) (Figure 2 ). Higher scores, indicating better CVH, were more common in men and those with higher education, higher income, and absence of CVDs ( Table 2 ). The proportion of participants classified as having ICI on the 3-test measure was similar by age, sex, race, and education category because those variables were used to define the stratum-specific cut-off scores for impairment. However, ICI was more common with lower income, residence in the stroke belt, and presence of CVD ( Table 3) . The association was similar in whites and blacks, as well as outside and within the stroke belt ( Table 3 ). The association was also similar for different ages, women and men, and levels of education (data not shown).
Standardized percentages of participants with ICI across tertiles of health behavior score and biological health factor score are shown in Figure 3 . In general, higher health behavior scores and higher biological health factor scores were both associated with lower incidence of cognitive impairment. However, patterns were not always consistent across the middle tertiles. In a model with all 7 individual Life's Simple 7 components included simultaneously, associations with ICI were strongest for smoking, BMI, and fasting glucose (Table 4) . In a sensitivity analysis using complete data, adjusted ORs of ICI were lower than in the main analysis. ORs were 0.57 (0.44, 0.75) for the middle tertile of Life's Simple 7 score and 0.52 (0.39, 0.69) for the highest tertile, relative to the lowest tertile.
Discussion
In this prospective cohort study of black and white adults in the United States aged 45 and older, free of stroke and baseline cognitive impairment, mid-range to high Life's Simple 7 scores at baseline were associated with lower incidence of clinically relevant cognitive impairment on a 3-test measure of verbal learning, memory, and fluency. Rather than a doseresponse pattern across the range of Life's Simple 7 scores, we observed that associations with ICI were the same for the highest tertile of Life's Simple 7 score and the middle tertile, relative to the lowest tertile. This pattern suggests that even intermediate levels of CVH are preferable to low levels of CVH. This is an encouraging message for population health promotion, because intermediate CVH is a more realistic target than ideal CVH for many individuals.
The purpose of the Life's Simple 7 metric is to summarize several modifiable factors into a single score to promote and measure individual-and population-level improvements in CVH. 4 Previous research has shown that better CVH, according to Life's Simple 7 factors, is associated with lower risk for stroke. 5, 6 In the current study, middle to high CVH was also linked with lower risk for future cognitive impairment in the absence of clinical stroke. We excluded participants who experienced stroke before their follow-up 3-test measure of cognitive function. Therefore, our results suggest that the mechanism linking CVH with cognition is something other than clinical stroke. Our findings do not rule out covert or subclinical stroke as a potential mechanism. Our results complement the findings of an earlier analysis in REGARDS that demonstrated an association of the Framingham Stroke Risk Profile with the risk for ICI according to the SIS. 2 Although the Framingham Stroke Risk Profile and Life's Simple 7 both reflect CVH, Life's Simple 7 places a stronger emphasis on modifiable risk factors and therefore may have more direct implications for health promotion and disease prevention. In the Coronary Artery Risk Development in Young Adults (CARDIA) study, better CVH in adults aged 18 to 30 was associated with better performance on cognitive function tests 25 years later, highlighting the importance of early life health behaviors and health factors. 22 Our study, in which baseline Life's Simple 7 score was determined at an average age of 64 years, complements the findings of the CARDIA study by emphasizing the importance of mid-to late-life health behaviors and health factors. Taken together, the findings from REGARDS and CARDIA suggest that both older adult and younger adult populations could be appropriately targeted for lifestyle interventions aimed at reducing risk for cognitive decline. The distribution of Life's Simple 7 scores and association of Life's Simple 7 score with ICI were similar in stroke belt residents and non-stroke-belt residents. These findings suggest that there must be explanations other than poor CVH for lower cognitive function observed among residents of the stroke belt. 23 Although the higher incidence of cognitive impairment in the stroke belt may result, in part, from higher rates of clinical stroke, a previous analysis from REGARDS suggested that other factors are at play, perhaps subclinical stroke. 23 The distribution of Life's Simple 7 scores was slightly higher in whites than in blacks. However, race was not an effect modifier of the association of Life's Simple 7 with ICI, suggesting that the value of CVH in relation to cognitive health may be similar for both races. A limitation of our study was a nonrandom pattern of missing follow-up data, a type of selection bias that commonly occurs in longitudinal studies of cognitive outcomes. 24 Participants who experience cognitive impairment during follow-up are less likely to complete follow-up cognitive A major strength of our study was that we used a clinically meaningful definition of ICI derived from 3 cognitive tests. Our 3-test measure accounted for age, sex, race, and educational attainment and required impairment to be pervasive across at least 2 cognitive domains 17 that have been consistently associated with performance on instrumental activities of daily living. 25, 26 This approach allowed us to identify the most impaired participants for comparison with remaining participants. Additional strengths of our study were exclusion of participants who experienced clinical stroke, adjustment for potential confounding, large sample size that led to excellent precision, use of multiple imputation for missing data to reduce bias and increase precision, assessment of race and geographic region as possible effect modifiers, and the population-based sample, which makes the results generalizable to middle-aged and older blacks and whites across the United States.
In conclusion, these findings provide evidence that CVH is an important factor in cognitive health. We observed that intermediate and high levels of CVH were associated with similarly low incidence of cognitive impairment, rather than a dose response across the range of CVH. Based on these Biological health factor score Figure 3 . Standardized percentages of incident cognitive impairment by baseline health behavior score and biological health factor score. Health behavior score and biological health factor score were divided into tertiles. Percentages were standardized by age group, sex, race, and education category. Error bars represent 95% confidence intervals. findings, we hypothesize that the AHA's strategic efforts to improve CVH from poor to intermediate or higher levels could lead to reductions in cognitive decline, and we believe further research addressing this hypothesis is warranted.
